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(57) ABSTRACT

The present invention relates to a control system (1) for the
heating, ventilation and/or air conditioning system of a
motor vehicle, said control system (1) comprising: a first
camera (2) sensitive to wavelengths in the mid-infrared
spectrum, and a device (5) for processing and analysis of
images, capable of performing temperature measurements
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on the images of the first camera (2) and of calculating, from
said measurements, at least one thermal comfort coeflicient
ol at least one occupant (4) of the motor vehicle, the thermal
comiort coeflicient being used for regulating the air tem-
perature, the air flow rate and the air distribution within the
heating, ventilation and/or air conditioning system, the con-
trol system (1) turther comprising a second camera (3)
sensitive to wavelengths 1n the visible and/or near-infrared
spectra.

13 Claims, 1 Drawing Sheet
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CONTROL SYSTEM FOR AIR
CONDITIONING SYSTEM OF A MOTOR
VEHICLE

The invention relates to a control system for the heating,
ventilation and/or air conditioning installation of a motor
vehicle and more particularly the systems comprising at
least one temperature sensor.

In fact, 1t 1s known to measure the inside temperature of
the car interior and the body temperature of the occupant or
occupants at different levels 1n order to compute a thermal
comiort coeflicient. This thermal comiort coetlicient 1s com-
puted according to a mathematical formula based on the heat
perception of a representative panel of the population upon
which the body temperature has been measured in different
conditions. The computed thermal comiort coetlicient is
then used for regulating the air temperature, the air flow rate
and the air distribution within the heating, ventilation and/or
air conditioning installation.

In order to measure these different temperatures, the
control system generally comprises an infrared camera
which serves as a temperature sensor. However, the infrared
camera must have high definition, which involves the use of
an expensive inifrared camera.

One of the purposes of the present invention 1s therefore
to at least partially overcome the disadvantages of the prior
art and to propose a control system allowing the use of a
low-definition infrared camera.

The present invention therefore relates to a control system
for a heating, ventilation and/or air conditioning installation
of a motor vehicle, said control system comprising;

a first camera sensitive to wavelengths situated in the

mid-inirared spectrum, and

a device for processing and analyzing images capable of

carrying out temperature measurements on the images
of the first camera and of computing, on the basis of
these measurements, at least one thermal comtort coet-
ficient of at least one occupant of the motor vehicle,
the thermal comiort coeflicient being used for regulating
the air temperature, the air tflow rate and the air distribution
within the heating, ventilation and/or air conditioning sys-
tem,

the control system comprising moreover a second camera
sensitive to wavelengths situated i the visible spectrum
and/or 1n the near-infrared spectrum.

It 1s then possible, with such a control system, to use a
low-definition inirared camera and thus to reduce costs.

According to one aspect of the invention, the processing
and analyzing device being capable of spotting noteworthy
points for the thermal comiort of the occupant on the images
of the second camera and of transierring said noteworthy
points onto the images of the first camera, the temperature
measurements of the occupant being carried out on these
noteworthy points.

The fact of using the images of the second camera for
carrying out the spotting of the noteworthy points in order
then to transfer them onto the 1mages of the first camera
allows the use of a first camera having low definition and
therefore less expensive. In fact, 1n order for it to be possible
to discriminate the noteworthy points on the images of a first
inirared camera, the latter must be a high-definition camera.

According to another aspect of the invention, the defini-
tion of the first camera 1s lower than the defimition of the
second camera.

According to another aspect of the mvention, the ratio
between the definition of the first camera and the definition

of the second camera 1s between 9/4000 and 9/25000.
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According to another aspect of the invention, the defini-
tion of the first camera 1s between 60x60 and 150x1350 pixels
and the definition of the second camera 1s between 1 and 10
megapixels.
According to another aspect of the invention, the first
camera has a definition of 80x80 pixels.
According to another aspect of the invention, the second
camera has a definition of 3 megapixels.
According to another aspect of the invention, the first and
second cameras have the face of the occupant in their
respective field of view.
According to another aspect of the invention, the note-
worthy points comprise at least the forechead, the nose and
the cheeks of the occupant of the motor vehicle.
According to another aspect of the mvention, the note-
worthy points also comprise the background of the image
and a portion of the clothing of the occupant.
According to another aspect of the invention, the first and
second cameras have identical focal lengths.
According to another aspect of the invention, the first and
second cameras are positioned side by side.
According to another aspect of the invention, the second
camera 1s also used for other functions of the vehicle
necessitating an observation of the interior of the motor
vehicle.
According to another aspect of the invention, the first
camera 1s adjusted to capture wavelengths between 3 and 50
um, and more particularly between 8 and 12 pum.
The present invention also relates to a method for con-
trolling a heating, ventilation and/or air conditioning instal-
lation of a motor vehicle comprising a control system such
as described above, said method comprising the following
steps:
capture ol images 1n the mid-infrared spectrum by the first
camera and capture of 1images 1n the visible spectrum
and/or near inifra-red spectrum by the second camera,

analysis of the images of the second camera by the device
for processing and analysis and spotting of the note-
worthy points for the thermal comiort of the occupant,

transterring by the device for processing and analysis of
the noteworthy points onto the images of the first
camera and measurement of the temperature at these
noteworthy points,

computation of a thermal comifort coeflicient by the

device for processing and analysis on the basis of the
temperature measurements,

regulation of the air temperature, of the air flow rate and

of the air distribution within the heating, ventilation
and/or air conditioning installation as a function of the
value of the thermal comifort coeflicient.

Other features and advantages of the invention will appear
more clearly on reading the following description, given by
way ol 1illustrative and non-limiting example, and the
appended drawings 1n which:

FIG. 1 shows a diagrammatic representation of a control
system and of a heating, ventilation and/or air conditioning,
installation of a motor vehicle.

FIG. 2 shows a diagrammatic representation of the images
captured by the cameras of the control system.

Identical elements in the different figures bear the same
references.

The following embodiments are examples. Even though
the description refers to one or more embodiments, this does
not necessarily signity that each reference relates to the
same embodiment or that the features apply only to a single
embodiment. Simple features of different embodiments can
also be combined 1n order to provide other embodiments.
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In the present description 1t 1s possible to index certain
clements or parameters, such as for example first element or
second element as well as first parameter and second param-
eter or also first criterion and second criterion etc. In this
case, 1t 1s a matter of simple indexing 1n order to differentiate
and denote similar but not identical elements or parameters.
This indexing does not imply priority of one element,
parameter or criterion with respect to another and such
denominations can easily be interchanged without departing
from the context of the present description. This indexing
does not moreover imply an order in time for example 1n
order to appreciate such a criterion or such critena.

FIG. 1 shows a control system comprising:

a first camera 2 sensitive to wavelengths situated in the

mid-inirared spectrum,

a second camera 3 sensitive to wavelengths situated 1n the
visible spectrum and/or 1n the near-infrared spectrum,
and

a device 3 for processing and analyzing images.

The processing and analyzing device 3 i1s capable of
spotting noteworthy points 401, 402, 403, 404, 405, 406 for
the thermal comifort of at least one occupant 4 of the motor
vehicle, on the images 300 of the second camera 3, as well
as transferring said noteworthy points 401, 402, 403, 404,
405, 406 onto the images 200 of the first camera 2. On the
images 200 of the first camera 2, the processing and ana-
lyzing device S 1s capable of measuring the temperature of
the occupant 4 of the motor vehicle. These measurements of
temperature of the occupant 4 are carried out on the note-
worthy points 401, 402, 403, 404, 405, 406 defined on the
images 300 of the camera 3 and transferred onto the images
200 of the first camera 2. These 1mages are notably visible
in FIG. 2. For a good measurement of the temperature, the
first camera 2 1s preferably sensitive to wavelengths between
3 and 50 um, and more particularly between 8 and 12 um,
which correspond to the wavelengths emitted by living
organisms.

The defimition of the first camera 2 1s lower than the
definition of the second camera 3. The ratio between the
definition of the first camera 2 and the definition of the
second camera 3 1s preferably between 9/4000 and 9/25000.
More particularly, the definition of the first camera 2 1s
between 60x60 and 150x1350 pixels, preferably between
70x70 and 120x120 pixels, and the definition of the second
camera 3 1s between 1 and 10 megapixels. For example, 1n
the context of the invention, the definition of the first camera
2 can be of the order of 80x80 pixels and the definition of
the second camera can be of the order of 3 megapixels.
These definition values of the first 2 and second 3 cameras
are a good compromise between their definition necessary
for carrying out their functions and their costs.

The fact of using the images 300 of the second camera 3
for carrying out the spotting of the noteworthy points 401,
402, 403, 404, 405, 406 1n order to then transfer them onto
the 1mages 200 of the first camera 2, allows the use of a first
camera 2 having low definition and therefore less expensive.
In fact, 1n order for it to be possible to discriminate the
noteworthy points on the images 200 of a first inirared
camera 2, the latter must have high definition.

The fact that the second camera 3 1s sensitive to wave-
lengths situated 1n the near-infrared spectrum notably makes
it possible to capture an 1mage allowing the spotting of the
noteworthy points 401, 402, 403, 404, 405, 406 cven in low
light or at night.

Les measurements carried out at the level of the notewor-
thy points 401, 402, 403, 404, 405, 406 are used for

regulating the air temperature, the air flow rate and of the air
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distribution within the heating, ventilation and/or air condi-
tioning installation. This can be carried out by an electronic
control device 6 which receives the measurements carried
out by the processing and analyzing device 5, and which
computes a thermal comiort coeflicient on the basis of these
measurements. This thermal comifort coeflicient 1s computed
according to a mathematical formula based on the measure-
ments ol temperatures carried out and on the thermal per-
ception of a representative panel of the population, upon
which the body temperature has been measured 1n different
conditions. According to the value of this thermal comifort
coellicient, the electronic control device 6 has an eflect on
the elements of the heating, ventilation and/or air condition-
ing 1nstallation of a motor vehicle (or HVAC) 1n order to
regulate the air temperature, the air flow rate and the air
distribution within said heating, ventilation and/or air con-
ditioning installation.

Le electronic control device 6 can thus act upon the
orientation, the opening or the closing of the aeration
nozzles 101 placed on the board panel 100, or at the rear of
the motor vehicle. The electronic control device 6 can also
act upon the opening or closing of the closing flaps 103 of
the aeration ducts 102, on the switching on or off of an air
booster 104, on the switching on of the air conditioning, here
represented by its evaporator 105, and of the quantity of air
passing through said evaporator 105 via for example a flap
106. The electronic control device 6 can also control other
clements of the heating, ventilation and/or air conditioning
installation which are not shown, such as an electric heating
device or the change from a recycled air circulation mode to
a circulation of air coming from the exterior mode.

The noteworthy points preferably comprise at least the
forehead 401, the nose 402 and the cheeks 403, 404. These
points are considered as noteworthy because they are easily
recognizable by the device 5 for processing and analyzing
the images 300 of the second camera 3 and also because they
correspond to important points for measuring the body
temperature of the occupant 4. In fact, the nose 402 1s a point
where the temperature of the face 1s low whereas the cheeks
403, 404 and the forchead are large arecas where the body
temperature 1s released and 1s therefore easily measurable.
The first 2 and second 3 cameras thus both have the face 40
of the occupant 4 1n their respective field of view 20, 30.
Moreover, the noteworthy points can also comprise the

background 406 of the image and also a portion of the
clothing 405 of said occupant 4.

The transier of the noteworthy points 401, 402, 403, 404,
405, 406 from the image 300 of the second camera 3 onto
the 1image 200 of the first one 1s done by mathematical
computation knowing the position of the first 2 and second
3 cameras with respect to each other and their orientations.
In order to limit the distortions between the 1mages coming
from the two cameras 2, 3 as well as to limit the complexity
of the computations carried out by the processing and
analyzing device 5, the first 2 and second 3 cameras are
preferably positioned side by side. For the same reasons, the
first 2 and second 3 cameras preferably have close or even
identical focal lengths.

In order to further limit the production costs, the second
camera 3 can also be used for other functions of the vehicle
necessitating an observation of the interior of the motor
vehicle, such as for example a system for monitoring the
drowsiness of the driver.

The present invention therefore also relates to a method
for controlling a heating, ventilation and/or air conditioning
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installation of a motor vehicle comprising a control system
1 such as described above, said method comprising the
following steps:
capture of images 200 1n the mid-infrared spectrum by the
first camera 2 and capture of images 300 in the visible
spectrum and/or in the near-infrared spectrum by the
second camera 3,

analysis of the images 300 of the second camera 3 by the
processing and analyzing device 5 and spotting of the
noteworthy points 401, 402, 403, 404, 405, 406 for the
thermal comifort of the occupant 4,

transter par the processing and analyzing device 5 of the
noteworthy points 401, 402, 403, 404, 405, 406 onto
the 1mages 200 of the first camera 2 and measurement
of the temperature at these noteworthy points 401, 402,
403, 404, 405, 406,

computation of a thermal comifort coetlicient by the
processing and analyzing device 5 on the basis of the
measurements of the temperature, and

regulation of the air temperature, of the air flow rate and

of the air distribution within the heating, ventilation
and/or air conditioning installation as a function of the
value of the thermal comifort coeflicient.

For a thermal comifort coeflicient indicating that the
occupant 4 1s cold, the control system 1 will for example
engage the heating of the air to be sent to the car interior
until the thermal comiort coeflicient indicates a neutral state.
In the opposite case, 1if the thermal comiort coeflicient
indicates that the occupant 4 1s hot, the control system 1 will
for example engage the air conditioning and therefore the
cooling of the air to be sent to the car interior until the
thermal comifort coeflicient indicates a neutral state.

The control system 1 can also observe that the thermal
comiort coeflicient 1s diflerent according to the right or lett
side of the occupant 4, for example due to a direct exposure
to the sun on one of his sides. In this case, the control system
can adjust the temperature of the air as well as 1ts orientation
in order to obtain a thermal comifort coetlicient value which
1s 1dentical on each side and indicating a neutral state.

Thus 1t can easily be seen that, because of the use of two
cameras, one i the mid-infrared spectrum and one in the
visible and/or near-infrared spectrum, 1t 1s possible to mea-
sure the temperature and to compute a thermal comfort
coellicient at lower cost.

The invention claimed 1s:

1. A control system for a heating, ventilation and/or air
conditioning installation of a motor vehicle, said control
system comprising:

a first camera sensitive to wavelengths situated 1n a

mid-inirared spectrum; and

a device for processing and analyzing images of the first

camera, the device capable of carrying out temperature
measurements on the images of the first camera and of
computing, on the basis of the temperature measure-
ments, at least one thermal comfort coeflicient of at
least one occupant of the motor vehicle,

wherein the at least one thermal comifort coethlicient 1s

used for regulating air temperature, air flow rate and air
distribution within the heating, ventilation and/or air
conditioning installation; and
a second camera sensitive to wavelengths situated 1n a
visible spectrum and/or 1n a near-infrared spectrum,

wherein the device 1s capable of spotting features of the
at least one occupant on 1mages of the second camera,
and of transferring said features onto the 1mages of the
first camera, the temperature measurements being car-
ried out on the features.
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2. The control system as claimed in claim 1, wherein a
definition of the first camera i1s lower than a definition of the
second camera.
3. The control system as claimed in claim 2, wherein a
ratio of pixels between the definition of the first camera and
the definition of the second camera 1s between 9/4000 and
9/25000.
4. The control system as claimed in claim 1, wherein a
definition of the first camera 1s between 60x60 pixels and
150x1350 pixels and a definition of the second camera 1is
between 1 megapixel and 10 megapixels.
5. The control system as claimed 1n claim 1, wherein the
first camera and the second camera have a face of the at least
one occupant in their respective fields of view.
6. The control system as claimed in claim 5, wherein the
features comprise at least a forehead, a nose and cheeks of
the at least one occupant of the motor vehicle.
7. The control system as claimed 1n claim 5, wherein the
features also comprise a background of the image of the
second camera and a portion of clothing of the at least one
occupant.
8. The control system as claimed 1n claim 1, wherein the
first camera and the second camera have identical focal
lengths.
9. The control system as claimed 1n claim 1, wherein the
first camera and the second camera are positioned side by
side.
10. The control system as claimed 1n claim 1, wherein the
second camera 1s also used for other functions of the motor
vehicle necessitating an observation of an interior of the
motor vehicle.
11. The control system as claimed 1n claim 1, wherein the
first camera 1s adjusted to capture wavelengths between 3
um and 50 pm.
12. A method for controlling a heating, ventilation and/or
air conditioning installation of a motor vehicle comprising a
control system, the method comprising:
capture of images 1n a mid-infrared spectrum by a first
camera and capture of images 1 a visible spectrum
and/or a near inira-red spectrum by a second camera;

analysis of the images of the second camera by a device
for spotting of noteworthy points for computing a
thermal comiort coeflicient of an occupant;

transierring by the device the noteworthy points onto the
images of the first camera and measuring temperature
at the noteworthy points;
computation of the thermal comiort coetlicient by the
device on the basis of the temperature; and

regulation of air temperature, of air flow rate and of air
distribution within the heating, ventilation and/or air
conditioning installation as a function of a value of the
thermal comiort coetlicient.

13. The method as claimed in claim 12, wherein the
regulation of the air temperature, of the air flow rate and of
the air distribution further comprises:

opening or closing, with the device, aeration nozzles of

the heating, ventilation and/or air conditioning instal-
lation; or

opening or closing, with the device, flaps of aeration ducts

of the heating, ventilation and/or air conditioning
installation; or

switching on or off, with the device, an air booster of the

heating, ventilation and/or air conditioning installation.
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